Plasticity in neural systems implies a process that produces an alteration in structure or function. In the pain field, neuroplasticity has been observed in response to acute and chronic pain -plasticity of function is seen with changes in neural function in the dorsal horn and alterations in more central structures such as the thalamus and cortex [1, 11, 19, 23, 24] . While plasticity has been clearly observed in sensory systems with pain, the notion of how pain may affect motor systems is relatively new.
In the paper by Boudreau et al. [6] (this issue), the authors show that acute pain induced by capsaicin can acutely affect plasticity of the motor cortex induced by a tongue task (tongue protrusion). Pain induced by capsaicin impairs the changes in motor systems as evidenced by a decreased response to transcranial magnetic stimulation applied over the motor cortex on motor evoked potentials (MEPS) measured in the tongue. While other reports exist on the effects of pain inhibiting motor cortex [8, 10, 20] , the paper adds to this literature by evaluating changes on the effects of pain in a simple model of acute motor plasticity in a tongue 'exercise' (repeated protrusion) model. Specifically the paper raises number of interesting and important issues, including (1) the underlying neurobiology of pain affecting motor processing, (2) the rapidity of the effect of pain in altering the acute plasticity and (3) the effect of motor systems on pain and (4) the potential implications of this effect in patients with chronic pain.
Sensory-motor integration at a reflex level such as a motor withdrawal reflex in response to noxious stimuli (nocifensive response) is well understood. Persistent pain generally inhibits movement, and subjects will protect the affected area to limit movement. This inhibition may 'act as a sort of motor 'decerebration' so as to allow the spinal motor system to freely develop protective responses to noxious stimulation' [9] . Interactions between pain systems and motor systems have long been integrated in traditional therapeutic approaches such as physical therapy, exercise or providing pain relief to enhance motor activity in conditions such as back pain or post-operative pain. However, these approaches have been devoid of neurobiological understandings of how motor systems may be affected by pain and vice-versa.
The second issue that the paper reports is the rapid effect of pain on cortical motor plasticity. The rapidity of plasticity of cortical sensory systems has been well documented in animals and humans following amputations or nerve blocks [5, 22] . In these cases, changes in synaptic inputs may alter cortical mapping. In the current paper, pain produces a rapid inhibition of motor cortex. Inhibition of motor cortex by pain has been considered to be via cortico-cortical circuits. The phenomenon is not limited to pain but also other sensory inputs such as acoustic simulation [14] . Certainly, inhibitory and excitatory cortico-cortical circuits and known and this interaction may account for an overall inhibition by pain [21] . However, more complex processes involving subcortical structures (e.g., thalamo-cortical and striato-cortical loops) cannot be excluded [13] . Inputs via pain fibers (predominantly C-fibers activated by capsaicin) project to the primary somatosensory cortex and may produce inhibition of motor cortex via thalamocortical or cortico-cortical inhibitory inputs. With respect to these subcortical structures, the ventrolateral and anterior thalamic regions are the main relay for cerebellar and basal ganglia (globus pallidus) to the motor cortex [16] . Direct pain afferents (a peptide class of nociceptors) to the globus pallidus from the spinal cord have been shown in animal tracing studies [7] and activation in the globus pallidus to pain has been reported in functional imaging studies in humans [3] . While clearly complex, some evidence supports this, for example, stimulation of the anterior thalamus produces an alteration in motor cortex excitability [17] .
As described in the paper, there is increasing evidence on the clinical utility of modulation of motor systems on pain. Specifically, repetitive transcranial magnetic stimulation [12, 15] or direct application of motor cortex stimulation electrodes [18] have been reported to improve a number of chronic pain conditions. This type of
